A rank-ordered logit model is estimated using data collected by a mail survey of consumers in the northeastern and mid-Atlantic United States. The methodology, based on conjoint analysis, determines the average relative importance and value of three product attributes for fresh salmon (seafood inspection, production method, and price), and estimates the relative attractiveness of particular products to consumers. When used in combination with demographic data and responses to questions on perceptions, the analysis suggests market segmentations and potential marketing strategies based on the heterogeneity in preferences arttong consumers.
In today's marketplace, consumers face choices between competing food products that may appear quite similar. Consumers often rely on product information provided on packaging or labels to evaluate the attributes of different products. Prices may weigh heavily in product choice, but the price itself may influence perceived quality of the product. Safety and quality inspections (e.g., USDA inspected or FDA approved) and production methods (e.g., organically grown) also may affect consumer choices.
In this paper, consumer preferences for attributes of fresh salmon are investigated. In particular, we focus on three key attributes: inspections that attest to product safety and quality; production methods that may influence the consumer's perception of product quality; and price.
Beginning in 1997, all seafood producers selling product in the United States and abroad must be certified as complying with the Hazard Analysis of Critical Control Points (HACCP) program administered by the FDA. This program was promulgated in response to increasing criticism of the sea-food industry for its lack of mandatory inspection programs. However, many consumers are unaware of the regulatory changes occurring in the seafood safety policy arena. Thus, communicating to the consumer that the seafood product has been inspected is important to the seafood industry as it hopes to increase demand for products and raise prices to cover the increased costs due to regulations. Relevant questions to answer are: (1) How important to consumers is an inspection that verifies that seafood products are safe and of high quality? (2) Does it matter to consumers which agency of the government is in charge of the program?l Among seafood industries, the salmon industry has experienced a 97% increase in world production of salmon over the past ten years, from 1.65 million pounds in 1986 to 3.26 million pounds in 1995 (Johnson 1996) . A significant portion of this is due to the increased production of farmed salmon, However, landings of wild salmon in the Pacific have also greatly increased. Marketing strategies have been employed by both the wild harvest sector and the farmed sector aimed at increasing market share and overall consumer demand for salmon. Groups promoting wild Alaskan salmon often emphasize that Alaskan salmon are 1At the time of the preparation of the survey, both the USDA and the FDA were being proposed as administering agencies of the U.S. government for a mandatory seafood HACCP inspecting prugram.
harvested from the cold, clean waters of the Pacific. Groups promoting farmed salmon note that the salmon have been farmed in sites selected by growers for their clean waters. Given this propensity by the industry to differentiate farmed salmon from wild salmon, it is of general interest to determine whether knowledge of production method will influence consumer evaluation of the product, and which production method is preferred.
The purpose of this paper is to answer the above questions. To do so, we rely on a data set collected via a mail survey of randomly selected households in the northeastern and mid-Atlantic states, One of the questions presented in this survey asks respondents to rank their preferences for fresh salmon products with different attributes using a conjoint experiment (Green and Srinivasan 1978) . The different attributes pertained to price, inspection, and production method.
Conjoint analysis is often used in market studies when, as in this case, new or hypothetical products or product attributes are being assessed, and when market data are not available, The conjoint question can be used to determine the average relative importance and value of the three product attributes, and to estimate the relative attractiveness of particular products to consumers. Used in combination with demographic data and responses to questions on perceptions, conjoint analysis can suggest market segmentations and potential marketing strategies based on the heterogeneity in preferences among consumers. However, tastes and preferences can rarely be explained fully by demographic groupings or even by information about consumer awareness and perceptions of product attributes. We also estimated individual preference models and used information from these models to improve the performance of the aggregate models where the entire data set is used. These individual-level models proved to be critical in avoiding misinterpretations of the results of the aggregate models.
The Data
A sample of over 1,500 consumers in the northeastern and mid-Atlantic states2 completed a mail survey in which they provided information about their preferences and consumption patterns for fresh fish, their beliefs about safety and quality of fish, and their individual demographic characteristics, One major focus of the study was to determine consumer perceptions of and preferences for farmed fish versus fish caught in the wild. Another important focus was to assess consumer perceptions of seafood quality and safety, and to determine the economic value of a mandatory quality inspection program.
The data collection process was administered between April and August 1993. Five thousand surveys were mailed to randomly selected households dispersed across the states according to each state's share of total population for the region.3 Surveying began with a personalized, hand-signed letter sent to each household with information on the impending arrival of the survey and the importance of responding. Also the household was thanked for its cooperation. This was followed a week later by the survey and an accompanying letter. The letter accompanying the survey asked that the individual chiefly responsible for the retail purchase of seafood complete the survey. A week later a postcard was sent to remind households to complete and return the survey. Two weeks later a follow-up survey was sent, followed again by a postcard reminder.
Just over 1,500 surveys were returned (a 30% response rate). It is notable that 649Z0of respondents were male, In addition, 97% of the respondents were consumers of fresh seafood. The proportion of people who are consumers of fresh seafood seems much higher than would be expected of the general population, suggesting that seafood consumers were much more likely to return the survey. Thus the response rate for seafood consumers, the focus of the study, is likely much greater than 30% but is difficult to assess given a lack of data on the population of fresh seafood consumers. A particular difficulty with mail surveys is that not all respondents answer all the questions, In this survey, out of the 1,529 respondents, 756 (or 15Yo of the sample) answered the conjoint question and all of the demographic and perception questions used in the models estimated in this paper, and 968 (or 19% of the sample) answered all demographic and perception questions. The descriptive statistics of the variables used in estimation based on the subsample and those from the overall group of respondents are given in table 1. The variables enter the econometric models as binary variables that indicate membership in that particular category. 
Modeling Preferences for Multiattribute Goods
For over a quarter of a century, marketing researchers have been using conjoint analysis to evaluate the consumer appeal of potential products and services based on their attributes (Green and Srinivasan 1990) . By observing a sample of consumers' relative rankings or ratings of a set of multiattribute products (e.g., fish of various sizes, colors, textures, and prices), the relative importance and value of these attributes are estimated. This information can be used to design products and services to maximize consumer appeal, or can be used to estimate market share of competing products. Originally used in the fields of psychometrics and marketing, conjoint analysis is now widely used in economic research to evaluate consumer preferences and demand for market goods (see, for example, Manalo 1990; Anderson and Bettencourt 1993; Wirth, Halbrendt, and Vaughn 1991) and, increasingly, to determine public preference and willingness to pay for multiattribute and/or multiuse public goods such as recreation, hunting, or landfill siting (MacKenzie 1990 (MacKenzie , 1993 Swallow et al. 1994; Desvousges, Smith, and McGivney 1983; Rae 1983 ). The conjoint question for this analysis is shown in figure 1, Respondents were asked to rank nine different salmon products in order of preference, with a rank of 1 assigned to the most preferred product and a rank of 9 assigned to the least preferred, The question design varied three attributes (origin, price, and inspection) with three possible levels for each attribute.4 By observing a sample of consumers' relative rankings or ratings of a set of multiattribute products, the relative importance and value of these attributes can be estimated. The estimation of the parameters that model these preferences can be done in a variety of ways, but it is commonly referred to as conjoint analysis (Green and Srinivasan, 1978) . The attribute combinations for the nine products represent a full profile, orthogonal Addleman design that eliminates multimates (Addleman~962)$ bias 'n Pat'meter esticollinearity and resultin
Accounting for Heterogeneity of Groups and Individuals in Conjoint Analysis
Conjoint applications in the economics literature have been based mostly on aggregate models for 4 The three price levels chosen were consistent with prevailing retail prices at the time of the survey. The mid-level price was equal to the average price in supermarkets from Narragansett, RI., Newark, Del., and Durham, NH. The price levels were $4.49, $4.99, and $5.49/lb.
5 While this allows a reduction in the number of comparisons each respondent bas to make, it assnmes that the attributes are completely separable. This could be problematic if, for example, an inspection has relatively mnre value to consumers when they know fish is wild as opposed to farmed, which model parameters (attribute importance weights) are estimated using the responses of all survey participants. A single utility function is estimated and assumed to be representative of all consumers. In some cases, demographic variables are interacted with attribute variables to distinguish heterogeneous preferences along demographic lines (Swallow et al. 1994) . By contrast, commercial conjoint applications most often estimate preference models at the individual level and use these individual preferences to simulate consumer choices.
An aggregate model with main effects only provides estimates of the average relative utility to the respondents of the various attributes, which can be used to estimate their relative preferences for products with any combination of attributes. We refer 
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Rank to this as a representative consumer model. While these estimates offer the benefits of easy calculation of probabilities or confidence intervals around parameters or rankings, their predictive validity tends to be low because of the diversity of preferences across individuals.c The representative consumer model may also be subject to problems of aggregation if the utility model is not linear (Stoker 1993) and may be subject to a majority fallacy (e.g., an aggregate model might indicate that a mid-size car was the most preferred level when in fact most people preferred either a large or a smaIl car) (Moore 1980) .
Various methods are used to account for heterogeneity among consumers when estimating aggregate models. Componential segmentation, by adding terms to the model that capture interactions between attribute preferences and individually specific variables, accounts for heterogeneity based on observable characteristics of individuals, These may be demographic variables or responses to questions about perceptions or preferences. The componential model can be useful in identifying market segments that differ in preferences and consumption patterns.
Much of the diversity in individual preferences is not tied to observable characteristics of individuals, however. Cluster analysis, which separates the sample into groups of respondents based on similar preferences, is able to account for some diversity in preferences that cannot be tied to observed personal characteristics.7 Predictive validity has proved higher with cluster analysis than the componential model in some studies, though it typically remains lower than individual level models (Moore 1980; Green and Helsen 1989) . Both types of aggregate models confound the choice process at the individual level with heterogeneity in the process across individuals (Elrod, Louviere, and Davey 1992) .
In early applications of conjoint analysis in the psychometric and marketing literature, a separate utility or preference model was estimated for each individual (Moore 1980) . The form of the preference model (composition rule) is assumed to be the same for all individuals, but the parameters are allowed to vary across the sample of individuals (Green and Srinivasan 1978) . The use of individual models is pervasive in commercial conjoint applications (Wittink and Cattin 1981; Green and Srinivasan 1990) . Individual-level models have high predictive validity in terms of the correlation between predicted and observed ranks, and have also been shown to perform well in predicting ranks of a sample of observations withheld when estimating parameters (Elrod, Louviere, and Davey 1992) . A number of studies have compared predicted choices with actual market behavior observed at a later date and have indicated a high correlation between predicted and actual behavior (Levin et al, 1983; Louviere 1988) . Individual-level estimations have the disadvantage of requiring enough information collected from each individual to estimate his or her utility function. This can require a large 7This tends to limit its use in identifying useful market segmentations number of observations when the number of attributes and attribute levels is large. Additionally, tests of statistical significance of attribute parameters or dependent variable predictions are cumbersome (Elrod, Louviere, and Davey 1992) , and in some cases cannot be calculated.
For this study, we estimate a "representative consumer" model as well as componential models that contain interactive terms between product attributes, demographic, and perceptions variables. We also estimate individual-level models to differentiate respondents into groups. We compare and contrast the results provided by these different models.
Random Utility Models and Rank-Ordered Logit Estimation
The conjoint question asked respondents to rank nine different products in order of preference, with 1 being the most preferred and 9 the least preferred. A question format requiring an ordinal ranking, as opposed to a rating scale, was chosen because it is believed to be more reliable (Green and Srinivasan 1978) , particularly in surveys administered by mail. This seems rather intuitive, as people are unused to providing a rating or willingness to pay for a product, but they are used to choosing between different products that vary according to price and other attributes. A referendum or paired comparison format would have the same advantages but requires a greater number of questions to derive the same amount of information.
The theoretical foundation for the rank-ordered logit estimation of the conjoint question is based on random utility theory, The respondent ranks the product with the highest level of utility of the nine choices presented as number one, then chooses the second most preferred from the remaining choices, and so on. The consumer would choose product one over product two if
where U(0) represents the individual's utility function. The random utility specification (Beggs, Cardell, and Hausman 1981) results in the consumer selecting product one over product two if
where V(0) is the measurable or observable component of utility and is estimated statistically, and & is the unobservable, or random, component. Using rank-ordered data imposes limitations on the estimation methods that can be used reliably. Because the ranks are ordinal rather than cardinal, and because the nine ranks given by each respondent are not independent, neither an OLS, ordered probit nor logit s edification would provide con-F sistent estimates. Beggs, Cardell, and Hausman (198 1) developed a model that they refer to as rank-ordered logit; it accounts for both the ordinal nature of the data and the lack of independence between observations for each respondent.
As above, let Uti represent the random utility that individual i.derives from alternative j with an observable deterministic component Vu and a random component &ii The observable Vij component includes attributes of both the decisionmaker and the alternative in the choice set. Vij is assumed to be a linear function of the variables X. such that:
(1)
Consider individual i's ranking of J choices as Ri = (r,,rz, . . . .r ) so that the probability of the observed rankings using the logistic distribution is:
For an independent sample of N individuals the log-likelihood function is:
The maximum likelihood estimates of~are those with the maximum probability of resulting in the observed sets of ranks. The log-likelihood function is globally concave and provides unique estimates of (3which are consistent, asymptotically normal and asymptotically efficient. The rationale of the model is that individuals compare all the choices, select the most preferred-independent of the rankings of the remaining choices-then make g We did estimate OLS, ordered probit, aad ordered Iogit models, aad found the results to be consistent with the rank-ordered logit model in terms of predkted rankhgs nf products and the relative magnitudes of parameters. It is quite possible that OLS model might have a Klgher predictive accuracy despite the sacrifice of unbiasedness and consistency. Wittink and Cattin (1981) found OLS estimation to be pervasive in commercial conjoint applications even though data were nften nonmetric, their next choices out of the remaining subset of choices, and so on until all are ranked, Thus the standard independence of irrelevant alternatives assumption necessary for the multinominal logit model is assumed to hold at each level of ranking.9
From a Representative Consumer to a Componential Model
We estimated a representative consumer model as well as several componential models that contained interactive terms between product attributes and demographic and perception variables, The parameter estimates and summary statistics for these models are shown in table 2. The results in table 2 are from models using standard binary coding of attributes incorporating one level of each attribute into the intercept to avoid perfect multicollinearity. A somewhat better fit is achieved when contrast coding is used; 10however, the interpretation of the coefficients is less clear. The specification for the model with interactive terms was chosen by testing down from models with additional variables. 11 Models were estimated with additional variables, including distance of households from the coast, discrete age of head of household categories, and household income less than $25,000. The inclusion of these variables did not significantly improve the model.
The vector of coefficients from these models, multiplied by a corresponding vector of explanatory variables, yields a predicted in-sample ordinal measure of utility that can be used to compare individuals' relative preferences for products with different attributes. Table 3 shows the results of some comparisons of different products for different consumers. In this table, there are six hypothetical consumers, three female and three male. Each is faced with three sets of hypothetical products. For example, in the first set the products presented are all high priced ($5 .99) and USDA inspected, but the information on production method varies, One salmon portion is farmed, one is caught g Our estimations were done with LIMDEP version 7, which estimated this model in its discrete choice module.
10contrast coding MOWS us to represent all three levels with 'Wo variables. For instance, a low price would be coded Oand 1, a high price 1 aud O,and a medium price -1 and -1. The sum of each variable across levels must be zero. The part-worth for a pardculac level is calculated by multiplying the coefficients on tbe twu variables by the values for that level and adding this to the intercept (i.e., simply -1 *betal + -1 *beta2 + alpha for medium price). See Cohen aad Cohen (1975) for a more thorough explanation.
ILNested~odel~were Compwedusing likelihood ratio tests tu assess the significance of groups of variables (i.e., models including and excludiug all terms interacting with gender). in the wild, and for one there is no information. When attributes of inspection and price are held constant, but the attribute of production method is varied, the in-sample predictions show that all the male and female consumers would rank the farmed product first, with the highest utility level. Ties are indicated in the rankings, where the ties represent those instances where the predicted utilities were not statistically different from one anotier. 12 Similarly, when production method and price are held constant (the second set of three products), products with a USDA inspection achieved the highest utility. However, when production method and inspection are held constant and price is varied (the third set of products), there was a statistical tie between the low and medium priced product for all cases,
Accounting for Individual Heterogeneity
As mentioned above, only some of the heterogeneity in tastes and preferences can be captured by including observable demographic variables and revealed perceptions. While individual level models have often proven to have higher predictive 12~~e~igniflcance of the difference between Uti[ity scores 'or 'Wo products is determined by a two tailed t-test. The t statistic is computed as the difference betwecrrutility scores over tbe standard deviation of the estimate of the utility score. The standard deviation of the estimate is calculated as X'Cov(b)X, where X is the difference between the vectors of explanatory variables for the two products being compared and Cov(b) is the covariance matrix for the parameter estimates computed during estimation. validity, they require a relatively greater amount of data per individual, The scarcity of observations per individual limits our ability to construct individual-level preference models from our data. To construct linear additive individual-level models, we had nine observations per individual and seven parameters to estimate (including an intercept dropping one level of each attribute to avoid perfect multicollinearity). This allowed us to estimate individual OLS models, but with only two degrees of freedom and violations of the assumptions of cardinal data and independence of observations, the statistical reliability of these estimates in prediction is unclear. 13
Given these limitations, we chose to rely primarily on the aggregate componential models discussed above. Nevertheless, the individual-level models uncovered an important factor in determining preferences that was hidden with aggregate models and was not explained by inclusion of the demographic or perceptions variables available. According to the parameter estimates from the individual preference models, over 46% of the individuals in the sample appeared to prefer a salmon product priced at $4.99/lb. (medium price) over a product priced at $4.49/lb. (low price) when all other attributes were identical. A somewhat smaller proportion still preferred the higher-priced 13OL,q models for each respondent were estimated rising SHAZAM.
Individual parameter estimates were then used in a choice simulator constructed with Excel spreadsheets. We did not estimate the significance of the parameters for each individual or confidence intervals around individual-level predictions.
product when the prices were $5.4911b.and $4.49/ lb. This seemingly "irrational" behavior may have been due to the artificiality of the data-gathering mechanism, but it may be representative of actual consumer behavior. It may be that an important quality attribute was missing from product descriptions, and that some respondents assumed that this attribute was represented at least partially by price. The survey question had specifically told respondents to assume that the nine products were identical in appearance, but it seems likely that many assumed that the quality of the fish was correlated with its price, and that these beliefs may carry over to actual purchasing decisions.
We tested whether this "price preference" could be attributed to observable variables, suggesting group rather than individual heterogeneity. A simple correlation matrix showed no strong correlations between the individual price preference parameter and the demographic and perceptions variables. A regression of the price parameters against these variables yields an adjusted R* of only .027. However, this regression did identify two significant variables. The parameter for consumers that purchased seafood at supermarkets was significant (p = .00001) and had a positive sign suggesting more "price rational" preferences. The parameter on frequent seafood consumption was also significant (p = .001) and had a negative sign, suggesting an unexplained preference for higher-priced fish. The fact that frequent seafood consumers were more likely to fall into the <'irrational" category lends some support to the conclusion that an important attribute may have been missing from the product descriptions and was consequently associated with price. In future surveys, it would be useful to ask consumers if they think that price is an indicator of quality.
The sample was then divided into two groups on the basis of the parameter estimates for low and medium price. For simplicity, the group with a preference for the higher priced product is referred to as "irrational" and the others as "rational," though in fact there is reason to believe that the preference for higher-priced fish may have had a rational basis. We then estimated rank-ordered logit models for the two groups. The parameter estimates for both groups are shown in table 4. Likelihood-ratio tests confirm that these separately estimated models were superior to both the aggregate model and to a model that included the <'rational" variable as a dummy interacted with attributes variables.
Given a sample set of individuals with different combinations of demographic and perception characteristics, we can determine the proportion of consumers that would choose one product or another if given the choice between two. Table 5 provides some choice share estimates for different product comparisons. When presented with two choices (for example farmed, USDA-inspected salmon priced at $4.49/lb. versus wild, USDA-inspected salmon priced at $4.49/lb.), 81YO of the people within our sample are predicted to choose the farmed product over the wild product. Also, 63% of the people within our sample are predicted to choose fresh salmon that is FDA inspected and priced at $5.49/lb. (but has no production method information) over farmed fresh salmon that is priced at $4.49/lb. (but has no inspection information). Finally, 9790 of the people within our sample are predicted to choose the inspected product with no information on production method priced at $4.99/lb. over the farmed salmon product that has the same price but no inspection information.
The representative consumer model performs differently than the models accounting for individual heterogeneity caused by the price "rationality." Given a particular choice of products, some consumers will choose one product, and some another, but these predicted choice shares vary somewhat depending on whether the full sample of data is used, or if the individuals in the data set are separated according to price "rationality." Thus, we are given estimated choice shares (or vote share if we were comparing policies subject to a vote), rather than simply an indication of the winning choice preferred by the majority.
Calculations of choice shares of pairs of products based on in-sample predictions presented in table 5 reiterate the findings that farmed product is preferred to wild product, regardless of price preferences. In addition, the comparisons of choice shares show that the heaviest weighting in preferences relates to inspection. This attribute dominates product choice even if a lower-priced alternative is available.
Some caveats are in order. The results from the simulation are representative only of the choice share from a larger population to the extent that the heterogeneity in preferences of the sample is representative of the population. While we believe that our sample may be representative of seafood consumers in the northeastern and mid-Atlantic United States, we suspect that results might vary considerably elsewhere. For example, it is likely that the preference for wild versus farmed may be reversed on the West Coast given the dominance of the wild fisheries in the Pacific. Heterogeneity in preferences tied to observable demographic characteristics can be accounted for by weighting the sample appropriately, but individual heterogeneity cannot. 14Thus, the reliability of out-of-sample predictions is difficult to assess,
Implications for Industry and Policymakers
According to this sample of seafood consumers, the strongest preferences are related to seafood inspection, Products indicating an inspection by either the USDA or the FDA are preferred to products with no inspection. Table 4 shows that for the "rational" respondents, the importance of seafood inspection is significantly higher than price or method of production. Of the two agencies, the I~In fact, weighting the sample to match the demographic make-uP 'f the population may nullify the randomness of the sample that is necessary to make prohabiliry estimates, main effects coefficients indicate that the FDA is preferred to the USDA as an inspection agency. However, when these coefficients are modified by the interaction terms of the attributes with demographics and beliefs, the total effect is that the USDA is the preferred agency over the FDA. This may be because consumers associate the USDA with meat and poultry inspection and feel comfortable with the USDA acting as a seafood inspector as well.
Similarly, while the main effects results seem to indicate that wild srdmon is preferred to farmed, modifying these effects by the coefficients of the dummy interactions with farmed and wild results in farmed being the preferred method of production. The interaction terms with the respondents' agreement with statements that farmed finfish is of higher quality and safer than wild finfish were par- titularly important to this result. It is worth repeating that this particular result may be heavily influenced by the location of the respondents. It is likely that repetition of the survey with West Coast consumers would result in the opposite outcome. These results imply that the current public policy of implementing HACCP by the FDA will be viewed positively by consumers, as they become aware of it and as they become familiar with the FDA as an inspection agency, The salmon industry's strategy of labeling product as to what method of production is used, farmed or wild, seems to favor farmed salmon more than wild salmon in the northeastern and mid-Atlantic states. This may be the result of the perception that farmed salmon is higher quality and safer than wild, possibly because a farmed product is connected with a product over which the harvester has some degree of control, unlike wild salmon,
Conclusions and Directions for Future Research
Conjoint analysis has proved itself a useful tool in measuring preferences for multiattribute goods and services including both private and public goods. It provides an alternative to standard demand analysis when market data are not available or when assessing new or hypothetical products or product attributes jointly. Our application demonstrates the usefulness of conjoint analysis to marketing professionals and producers in evaluating pricing policies and marketing strategies for seafood, and suggests that public policies (namely, an inspection program) can provide benefits to seafood consumers.
Applications of conjoint analysis in the economics literature have been limited mostly to representative consumer models. Because of the heterogeneity in tastes and preferences between individuals, the predictive ability of these models is often quite low. In this paper we discussed and demonstrated a number of ways to account for heterogeneity of tastes and preferences between groups and individuals, including some of the advantages and disadvantages of each. Componential models, which include interactive terms that capture the heterogeneity attributable to observable demographic characteristics, greatly improve model performance. Further improvements are made by including information derived from questions about individual perceptions. However, much of the heterogeneity in preferences is not correlated with observable characteristics. Marketing applications have often modeled choice behavior at the individual level. Individual-level analysis typically results in higher predictive ability and can identify important heterogeneity in preferences that may not be revealed by aggregate models. Individual-level analysis requires a large amount of data per individual, and out-of-sample predictions are reliable only to the extent that the sample is a truly random probability sample.
For reasons discussed above, we presented results from componential models as opposed to individual preference models. We did estimate individual-level models and found them useful in developing aggregate models and interpreting the results of these models. We found that many individuals apparently preferred to pay more rather than less for a given piece of fish, suggesting that they may associate price with quality. With an aggregate model this is not apparent: it had the effect of reducing the estimated importance of price and provided invalid predictions of choices for many consumers.
It is common practice to use price (or the change in taxes in the case of comparison of public goods) as a metric to compare the value of different attributes. A willingness to pay (WTP) for changes in attribute levels can be estimated for the representative consumer. In contrast, in marketing studies price is often considered just another attribute. WTP estimates may be inappropriate if respondents are assuming an implied relationship between the cost and the quality of market products or public goods. Even when this is not the case, one must be careful with the interpretation and use of average coefficients. Aggregate analysis of responses, when there is a high degree of heterogeneity in preferences either in the magnitude or direction (as above), may suggest moderate preference (and a low statistical significance) for or against an increase in that attribute level, which may lead to false predictions of choice behavior of groups. If market analysts or policymakers are concerned with the percentage of people who will favor a product, service, or policy, a positive willingness to pay at the aggregate level may have little meaning. Vatn and Bromley (1994) provide a number of other arguments that suggest caution in trying to reduce preferences for multiple attributes down to a common metric of monetary values.
We suggest that too often heterogeneity is not sufficiently accounted for in contingent choice studies done by economists, Accounting for both group and individual heterogeneity can improve the performance of models in predictions as well as provide valuable added information to industry or policymakers. Our own experience also provided us with an important lesson concerning survey design. The amount and type of data collected (i.e., ordinal ranks versus scaled ratings) may limit the acceptable estimation procedures, and one should have this in mind when designing the survey.
